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GAS SENSOR

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to a gas sensor, and more
specifically relates to a gas sensor which 1s provided facing
a predetermined tlow path of a gas and includes a detection
clement for receiving a predetermined signal to vibrate and
detecting means which transmits a vibration wave generated
by the vibration of the detection element 1n a flow path
direction to detect characteristics of a gas.

2. Description of the Related Art

Conventionally, a gas sensor 1s known which detects, for
example, a concentration, a temperature, or a humidity of a
specific component as characteristics of a gas present 1n a
flow path, using a detection element. In such a gas sensor, a
signal from the detection element 1s electrically processed
and output as an electric signal corresponding to the char-
acteristics of the gas. As an example of the gas sensor, a gas
concentration sensor which i1s provided in transportation
equipment mounted with an internal combustion engine
such as an automobile and which detects a concentration of
gasoline, gas o1l, or the like utilizing a change 1n propagation
speed of a vibration wave of sound will be discussed.

Such a gas sensor 1s arranged, for example, 1n a passage
for purging gasoline from a canister mounted on the auto-
mobile to an inlet pipe of the internal combustion engine.
The gas concentration sensor includes a flow path of a
predetermined volume through which a gas containing gaso-
line vapor in the above-described passage flows and a
detection element which 1s provided facing this flow path
and detects a gas concentration. The gas concentration
sensor vibrates the detection element 1n detecting the gas
concentration and transmits a vibration wave (e.g., ultra-
sonic wave) generated by this vibration 1n a flow path
direction. Such a vibration wave, which 1s transmitted 1n the
flow path direction of the gas from the detection element by
the detection element vibrating for detection of the gas
concentration, 1s hereinafter referred to as a vibration wave
for detection. The speed of the vibration wave passing
through the flow path changes according to a concentration
of gasoline vapor existing 1n the flow path. The gas con-
centration sensor detects the speed of the vibration wave for
detection passing through a flow path of a fixed tlow path
length with a receiver for receiving the vibration wave for
detection, finds the concentration of the gasoline vapor as a
result of this detection, and outputs it.

In such a conventional gas sensor, the detection element
for transmitting the vibration wave for detection 1s arranged
in a housing which 1s formed of resin or the like having high
heat resistance (e.g., see JP-A-2000-206099). In addition,
since 1t 15 necessary to keep a position of the detection
clement constant 1n order to accurately detect the speed of
the vibration wave for detection passing through the gas
flow path, a filled layer 1s formed by filling a filler such as
urcthane in the housing, 1n which the detection element 1s
arranged, to seal the detection element and regulate a
positional movement of the detection element.

3. Problems Solved by the Invention

However, in such a gas sensor for detecting a gas con-
centration utilizing a vibration wave from a detection
clement, reverberation may occur 1n a filled layer in which
the detection element 1s embedded following vibration of the
detection element, and as the detection element 1s aftected
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by this reverberation, it 1s likely that characteristics of a gas
such as a gas concentration cannot be detected accurately.

That 1s, 1n the case 1n which a detection element 1s used
both for transmission and reception, 1t 1s likely that, if a
reverberation in the filled layer lasts a long time, a vibration
wave emitted 1n a direction different from the transmission
direction of the vibration wave for detection by vibration of
the detection element affected by this reverberation
(heremaiter referred to as noise vibration wave) interieres
with the vibration wave for detection, and accurate detection
of a gas concentration based upon the vibration wave for
detection cannot be performed. In addition, in the case 1n
which the element for transmission and the element for
reception are provided separately, it 1s also likely that, 1f a
reverberation 1n the filled layer lasts a long time, after a
vibration wave for detection 1s transmitted to a gas flow
path, a noise vibration wave 1s transmitted to the gas flow
path from the detection element aflected by the
reverberation, and accuracy of detection of a gas concen-
tration based upon the vibration wave for detection falls.

The present mventors observed that such reverberation
continues over a longer period at higher temperatures.
Therefore, 1n an environment 1n which temperature tends to
increase such as in the vicinity of a passage for purging
gasoline or a gas flow path 1n the gas sensor, reverberation
may increase to make accurate detection of gas concentra-
tion difhicult.

In addition, 1n a conventional gas sensor, it 1s likely that,
in the case 1n which temperature increases in the gas sensor,
the filler 1n the housing thermally expands and a position of
the detection element moves in the housing following this
thermal expansion. In the case in which such positional
movement occurs, since a flow path length of the gas flow
path changes and the time for the wvibration wave for
detection passing through the gas tlow path changes follow-
ing the change in the flow path length, 1t 1s likely that
accuracy of detection of a gas concentration based upon the
vibration wave for detection falls.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to adopt
a structure as described below for the purpose of solving at
least one of the above-described problems of the prior art,
and to provide a gas sensor which 1s capable of accurately
detecting a gas concentration at high temperature.

The above objects have been achieved by providing a gas
sensor including detection element provided facing a pre-
determined flow path of a gas and which receives a prede-
termined signal to vibrate, and detecting means which
transmits a vibration wave, which 1s generated by vibration
of the detection element i1n the flow path direction, as a
vibration wave for detection to detect characteristics of the
gas, the gas sensor comprising;:

a housing for housing the detection element 1n a form
capable of transmitting the vibration wave for detection 1n
the flow path direction;

an attenuation member which 1s provided 1n the housing
and with which the vibration wave emitted 1n a direction
different from the transmitting direction of the vibration
wave for detection collides to attenuate an energy thereof;
and

a filled layer which 1s formed by filling a predetermined
filler 1n the housing at least up to a position where the
detection element 1s embedded.

According to the gas sensor of the above-described
structure, the element for transmitting a vibration wave for
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detection 1n a tflow path direction of a gas according to
vibration and an attenuation member with which vibration
wave (noise vibration wave) emitted 1n a direction diflerent
from a transmission direction of the vibration wave for
detection collides to have an energy thereof attenuated are
provided 1n the housing, and the filled layer 1s formed by
filling the predetermined filler at least up to a position where
the detection element 1s embedded i1n the housing.
Consequently, 1in the case 1n which a reverberation occurs 1n
the filled layer following the transmission of the vibration
wave for detection due to vibration of a detection element
having receirved a predetermined signal, a noise vibration
wave emitted by the vibration of this element for detection
aflected by the reverberation collides with the attenuation
member to have an energy thereot attenuated. Consequently,
reverberation generated 1n the filled layer promptly
decreases and duration of the reverberation i1s reduced.
Therefore, accurate detection of characteristics of the gas
based upon the vibration wave for detection can be secured.

The attenuation member 1s preferably set 1n a propagation
route ol noise vibration wave to be emitted in term of
increasing certainty of collision with the noise vibration
wave. As an example of a set position of the attenuation
member, a position surrounding the detection element
between the housing and the detection element, a surface of
the element for detection opposite a surface of the filled
layer, and the like are possible. The attenuation member set
in the former position 1s hereinafter referred to as an
intervening member and the attenuation member set 1n the
latter position 1s hereinatter referred to as a surface member.
In this case, a structure in which one of the intervening
member and the surface member 1s set may be adopted or a
structure 1 which both the intervening member and the
surface member are set may be adopted. It 1s also possible
to set the attenuation member 1n a position other than the
above-mentioned position cited as an example.

In the case in which the above-mentioned intervening
member 1s provided as the attenuation member, since an
energy ol a noise vibration wave emitted in a direction of an
internal peripheral surface of the housing 1s attenuated by
collision with the intervening member, reverberation gener-
ated 1n the filled layer can be reduced promptly. By adopting
a structure 1n which this intervening member surrounds the
entire periphery of the element for detection, the attenuation
clliciency of reverberation can be further increased.

It was also found that, if the intervening member was
formed using plural media with different densities, rever-
beration was further reduced 1n duration. It such a structure
1s adopted, 1t 1s possible that a noise vibration wave gener-
ated 1n the filled layer tends to be reflected by the intervening
member, and the attenuation efliciency of an energy of the
noise vibration wave increases. Therefore, reverberation can
be reduced early after its generation.

The mtervening member 1s desirably constituted by using
a medium having a larger density than the filler on the
detection element side. In this way, the attenuation efliciency
ol a reverberation can be further increased. More
specifically, for example, a structure 1s possible 1n which the
medium used 1n the housing side 1s a synthetic resin and the
medium used on the detection element side 1s a metal.

In the case 1n which a metal 1s used on the detection
clement side of the mterveming member, the metal prefer-
ably does not adhere to the filled layer. In this manner, since
a metal surface of the intervening member 1s allowed to slide
against the filled layer, thermal stress generated in the
periphery of the detection element 1s eased. In addition,
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since an interface 1in which the metal and the filled layer are
not adhered to each other exists, a loss of energy of the noise
vibration wave occurs on the interface. Theretore, the dura-
tion of the reverberation can be further reduced. A structure
in which the intervening member has a predetermined
number of holes may be adopted.

It 1s also preferable to form the intervening member with
a porous body. As such a porous body, foamed silicon,
foamed urethane, foamed rubber, porous ceramics, porous
carbon, and the like are possible. By using such a porous
body, the attenuation efliciency of an energy of a noise
vibration wave 1increases, and a gas sensor with a short
duration of a reverberation can be realized.

The gas sensor may have a structure 1n which the inter-
vening member 1s arranged 1n a position adjacent to the
detection element. In the case in which this structure was
adopted, the present inventors found that the attenuation
elliciency of the noise vibration wave further increased and
reverberation could be reduced more promptly.

A structure may be added in which a film which 1s
mounted on an opening portion of a housing and partitions
the housing and a flow path 1s provided, a matching member
which 1s mounted on the film and transmaits vibration of an
clement for detection to a tflow path via the film and a
detection element mounted on a surface on the opposite side
of the mounting surface of the matching member on the film
are housed 1n the housing, and an intervening member 1s
provided 1n a position surrounding the element for detection
and the matching member between the matching member
and detection element and the housing (hereinaiter referred
to as “structure with a film”). In this structure with a film, 1n
the case in which the intervening member 1s arranged in a
position adjacent to the detection element, the detection
clement becomes less likely to be aflected by thermal
expansion of the filled layer, and positional movement of the
detection element following thermal expansion of the filled
layer (e.g., the detection element moves 1 a direction
toward a flow path of a gas) can be prevented surely.
Therefore, accuracy of detection of characteristics of the gas
can be further improved.

In addition, 1in the structure with a film, 1in the case 1n
which the metal used on the detection element side of the
intervening member 1s made so as not to adhere to the filled
layer, 1t 1s also preferable to form plural holes in the
intervening member. The plural holes are oflset to the side
opposite the flow path side of the intervening member. In
this way, the positional movement of the detection element
following thermal expansion of the filled layer 1s suppressed
by the holes provided in the intervening member. At the
same time, the holes are ofiset to the side opposite the flow
path side, whereby appropnate slip of the metal surface of
the mtervening member against the filled layer 1s secured,
and the thermal stress generated in the periphery of the
detection element 1s eased. Therefore, the duration of rever-
beration can be further reduced while securing accuracy of
detection of characteristics of the gas.

In the case in which the above-mentioned surface member
(which 1s provided on the surface of the detection element
opposite the surface of the filled layer) 1s provided as the
attenuation member, since the energy of the noise vibration
wave emitted 1n the surface direction of the filled layer 1s
attenuated by colliding with the surface member, reverbera-
tion generated 1n the filled layer can be reduced promptly. In
addition, 1n the case 1n which both the intervening member
and the surface member are provided, since the attenuation
clliciency of the energy of the noise vibration wave becomes
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higher than that 1n the case 1n which one of them 1s provided,
the reverberation can be reduced more promptly and the
duration of the reverberation can be further reduced.

It 1s also desirable to adhere and fix the surface member
to the detection element. In this way, 1n the case 1n which the
filled layer expands following increase 1 an ambient
temperature, the surface member extoliates from the surface
of the detection element, whereby a gas layer (foams) 1s less
likely to be generated between the detection element and the
surface member. As a result, the duration of the reverbera-
tion and sensitivity of the detection element never change
largely with the detection element subjected to local stress
by the generation of such foams. Therefore, characteristic
change of the gas sensor following an increase in the
ambient temperature can be suppressed.

It 1s also preferable to form the surface member with a
porous body. In this way, the attenuation ethiciency of the
energy of the noise vibration wave increases, and a gas
sensor having a short duration of reverberation can be
realized.

It 1s also desirable to adopt a structure 1n which at least a
part of the porous body 1s embedded 1n the filled layer and
filler penetrates into the inside of the porous body. In this
way, the filler filled 1n the housing penetrates into foams
inside the porous body, and an interface between the porous
body and the filler increases 1n the porous body. Therefore,
the attenuation efliciency of the energy of the noise vibration
wave 1n the interface increases, and the reverberation time
can be turther reduced. In addition, the characteristic change
of the gas sensor following an 1ncrease in ambient tempera-
ture can be suppressed. For example, 1n the case 1n which the
filled layer expands following an increase in ambient
temperature, the duration of reverberation and the sensitivity
of the detection element never change largely with the
detection element subjected to local stress due to increase 1n
an air volume 1n the porous body.

The gas sensor may have a structure 1n which a reflecting
section for reflecting a vibration wave, which 1s transmitted
from one detection element 1n the tlow path direction, in the
direction of the one detection element 1s provided, and the
one detection element receives the vibration wave retlected
by the reflecting section, thereby detecting characteristics of
the gas. In other words, this 1s a structure 1n which one
detection element which has transmitted the vibration wave
tor detection 1n the tlow path direction receives the vibration
wave for detection retlected by the reflecting section after
the transmission, thereby detecting characteristics of the gas.
In the case 1 which this structure i1s adopted, again, as a
result of an energy of a noise vibration wave being attenu-
ated by the above-described action of the attenuation
member, reverberation promptly attenuates and the duration
of the reverberation 1s reduced. Therefore, 1naccurate detec-
tion of the characteristics of the gas can be prevented while
making the structure for detecting characteristics of a gas
simple. For example, 1t becomes possible to avoid a situation
in which, after a vibration wave for detection 1s transmitted
toward a flow path of a gas by vibrating one detection
clement, a noise vibration wave with a large energy 1is
transmitted from this one detection element and this noise
vibration wave iterferes with the vibration wave for detec-
tion retlected by the reflecting section, and accuracy of the
vibration wave for detection recerved by the one element for
detection can be secured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an explanatory view showing a disassembled
perspective shape of a gas sensor 10 as an embodiment of
the present invention.
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FIG. 2 1s an explanatory view showing a vertical section
of the gas sensor 10.

FIGS. 3(A) to 3(C) are explanatory views showing a
shape of a metal plate 36 inserted 1n a housing section 22.

FIG. 4 15 a perspective view showing shapes of terminals
31a to 31d provided in a connector 31.

FIG. 5 1s a sectional view showing a structure of a
detection element main body 40.

FIG. 6 1s an explanatory view showing an electric struc-
ture side the gas sensor 10.

FIG. 7 1s an explanatory chart illustrating a principle of
detection of a gasoline vapor concentration using an ultra-
SOnic wave.

FIG. 8 1s an explanatory view showing structures of an
acoustic matching plate 50, a piezoelectric element 51, and
a tube body 52 1n a perspective shape.

FIG. 9 15 an explanatory chart showing a state 1n which an
acoustic level of a noise ultrasonic wave NW 1s reduced 1n
the gas sensor 10.

FIG. 10 1s an explanatory view showing movement of the
acoustic matching plate 50 and the piezoelectric element 51
to be prevented by the gas sensor 10 of this embodiment.

FIGS. 11(A) and 11(D) are explanatory views showing
conditions of an experiment 1 concerning a first embodi-
ment.

FIGS. 12(A) to 12(D) are explanatory tables showing

results of experiments 1 to 4 concerning the first embodi-
ment.

FIG. 13 1s an explanatory view showing a sectional
structure of a detection element main body 140 provided 1n
a gas sensor of a second embodiment of the present inven-
tion.

FIG. 14 1s an explanatory view showing a perspective
shape 1n the vicinity of an upper surface of a piezoelectric
clement 151.

FIG. 15 1s an explanatory view showing a modified
example of the second embodiment.

FIG. 16 1s an explanatory view showing a sectional
structure of an element for detection main body 240 pro-
vided 1n a gas sensor of a third embodiment of the present
invention.

FIG. 17 1s an explanatory view showing, 1n a section, a
state 1n which urethane as a filler penetrates mto foams
present 1nside a porous body.

FIGS. 18(A) and 18(B) are explanatory views and a table
indicating conditions and results of experiments concerning
the second and third embodiments.

DESCRIPTION OF REFERENCE NUMERALS
AND SYMBOLS

10 . . . Gas sensor

20 . . . Flow path forming member
22 . . . Housing section

22a. . . Projected portion for terminal
24 . . . Recessed portion

24q . . . Communication hole

25 . . .Insertion hole

27 . . . Introducing path

28 . . . Measurement chamber

29 . . . Bypass flow path

31 . .. Connector

31a to 314 . . . Terminals
32 . .. Introducing hole
33 . . . Retlecting section
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34 . . . Outlet
35 . . . Discharge flow path
36 . .. Metal plate
37 . .. Recessed portion
38 Opening portion

40, 140, 240 . . . Detection element main bodies
41, 141, 241 . . . Flange sections

42, 142, 242 . . . Flement cases

43, 143, 243 . . . Housing sections

45, 145, 245 . . . End faces

46, 146 . . . Step portions

48, 148, 248 . . . Protective Films

50, 150, 250 . . . Acoustic matching plates

51, 151, 251 . . . Piezoelectric elements

52, 52A to 521, 152, 252Q) . . . Tube bodies
52a, 152a . . . Polyethylene terephthalate films
52b, 152bH . . . Adhesion layers
52¢, 152¢ . . . Copper foils

53 . . . Openings

S4a, 54b, 154a, 1545, 254a, 2545
55a, 55b, 155a, 15556 255a, 25556
56a, 566, 156a, 1565, 256a, 2565
59, 159, 259 . . . Projections

.. . Lead wires
. .. Terminals

. . . Projecting portions

60 . . . Thermistor

70 . . . Electronic circuit substrate
72 . . . Attachment hole
30 ... Case

83 . . . Cut-raised portion
85 . . . Insertion hole

88 . . . Cushion material
91 . . . Microprocessor
92 ... D/A Converter

93 . .. Driver

96 . . . Amplifier

97 . . . Comparator

99, 199, 299 . . . Filled layers

151a . . . Positive electrode

15156 . . . Negative electrode

151c . . . Folded-back portion

165Q, 265(Q) . . . Plate-like bodies
165Qe¢ . . . Surface

DW . . . Ultrasonic wave for detection

NW, NWs, NWu . . . Noise ultrasonic waves

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

The invention will now be described 1n greater detail by
reference to the accompanying drawings and embodiments.
However, the present invention should not be construed as
being limited thereto.

A. First Embodiment

FIG. 1 1s a disassembled perspective view of a gas sensor
10 as a first embodiment of the present invention. This gas
sensor 10 1s a sensor for detecting a concentration of
gasoline vapor utilizing the fact that a propagation speed of
an ultrasonic wave changes according to a gas concentration.
This gas sensor 1s arranged, for example, 1n a passage for
purging gasoline from a camster, which 1s mounted on a
vehicle using an internal combustion engine as a power
source, to an inlet passage and used for the purpose of
detecting a concentration of the gasoline to be purged, and

the like.
A-1. Overall Structure of the Gas Sensor

As shown 1 FIG. 1, roughly speaking, this gas sensor 10
includes: a tlow path forming member 20 for forming a tlow
path through which gasoline vapor as an object of concen-
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tration detection passes; a detection element main body 40
which 1s housed 1n a housing section 22 integrally formed in
this flow path forming member 20; a thermistor 60 for
detecting a temperature of a gas passing through the flow
path; an electronic circuit substrate 70 arranged above the
detection element main body 40; and a metal case 80 to be
fit 1n the housing section 22.

The tflow path forming member 20 1s formed of a synthetic
resin contaiming a glass filler. Elasticity of the flow path
forming member 20 1s adjusted to a value suitable for use as
a gas sensor. In addition, the detection element main body 40
1s fixed to a recessed portion for attachment 24 provided 1n
the housing section 22 by ultrasonic welding, and the
thermistor 60 1s inserted 1n and fixed to an insertion hole for

éttachment 25.

As discussed below, the detection element main body 40
and the thermistor 60 have a terminal for exchanging electric
signals. This terminal 1s inserted 1n a corresponding attach-
ment hole of the electronic circuit substrate 70 and fixed by

soldering.

The gas sensor 10 1s manufactured by, after fixing the
detection element main body 40 and the thermistor 60 to the
housing section 22, attaching the electronic circuit substrate
70 to the housing section 22, further fitting the case 80 1n the
housing section 22, and then molding them with resin, for
example, urethane resin.

A-2. Structure of the Flow Path Forming Member 20

As shown 1n FIG. 1, this flow path forming member 20 1s
provided with the housing section 22 for housing the detec-
tion element main body 40 above i1t and has a flow path
through which a gas for detection of a concentration flows
below the housing section 22. This flow path includes an
introducing path 27 for introducing a gas containing gaso-
line vapor (hereinafter referred to as gas GS) 1nto the gas
sensor 10, a measurement chamber 28 for detecting a
concentration of the gasoline vapor 1n this gas GS with an
ultrasonic wave, and a bypass flow path 29 for bypassing the
gas GS away along the measurement chamber 28. The
measurement chamber 28 and the bypass tlow path 29 are
provided substantially directly below the detection element
main body 40 and substantially directly below the thermistor
60, respectively.

In order to describe such a flow path structure 1n detail, a
vertical section of the gas sensor 10 1s shown 1n FIG. 2. FIG.
2 1s a sectional view of the gas sensor 10 cut along a plane
including axial lines of the introducing path 27 and the
detection element main body 40. As shown 1n FIG. 2, a flow
path of the gas GS formed inside the flow path forming
member 20 1s divided imto the introducing path 27, the
measurement chamber 28, and the bypass flow path 29. The
introducing path 27 extended in a substantially horizontal
direction communicates with the bypass tlow path 29 at a
right angle and also communicates with the measurement
chamber 28 via an introducing hole 32.

In this embodiment, the above-described measurement
chamber 28 1s referred to herein as a “predetermined flow
path of a gas™. It 1s also possible to realize the “predeter-
mined flow path of a gas” i a form other than this
measurement chamber 28.

As shown in FIG. 2, an outlet 34 1s formed 1n a lower part
of the bypass flow path 29. In this embodiment, the outlet 34
1s connected to the inlet passage of the internal combustion
engine by a hose (not shown). The gas GS introduced from
the introducing path 27 i1s discharged to the inlet passage
from the above-described outlet 34.

As shown 1n FIGS. 1 and 2, an insertion hole 25 1s formed
at an end on the opposite side of the outlet 34 of the bypass
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flow path 29, and the thermistor 60 1s attached to this
insertion hole 25. The thermistor 60 detects a temperature of
the gas GS flowing ito the bypass tlow path 29 from the

introducing path 27 via the isertion with the insertion hole
25.

As shown m FIGS. 1 and 2, an upper part of the
measurement chamber 28 communicates with the recessed
portion 24 via a communication hole 24a formed on a
bottom surface of the recessed portion 24, and the detection
clement main body 40 1s attached to this recessed portion 24.
The detection element main body 40 detects a concentration
of the gasoline vapor in the gas GS flowing into the
measurement chamber 28, via the communication hole 24a.
In this case, the concentration of the gasoline vapor is
detected with a predetermined relationship with the detected
temperature of the gas GS.

As shown 1n FIG. 2, a reflecting section 33 for reflecting
an ultrasonic wave transmitted from the detection element
main body 40 1s formed below the measurement chamber
28. The function of this reflecting section 33 will be
described later.

The reflecting section 33 1s formed by raising a central
arca of the bottom of the measurement chamber 28 by a
predetermined distance (several millimeters in this
embodiment). Consequently, a predetermined gap 1s formed
around the reflecting section 33. The gap around this reflect-
ing section 33 1s directly connected to the bypass flow path
29 via a discharge flow path 35 communicating with the
bottom of the measurement chamber 28. Consequently, the
gas S flowing in from the mtroducing path 27 through the
introducing hole 32 {fills imnside the measurement chamber 28
and exits to the bypass flow path 29 from the discharge tlow
path 35 at a predetermined ratio.

Note that, since the discharge flow path 33 is provided 1n
the bottom of the measurement chamber 28, 1n the case 1n
which water vapor, gasoline vapor, or the like 1n the mea-
surement chamber 28 1s condensed and liquefied, the dis-
charge tlow path 35 also functions as a drain for discharging
water drips or o1l drips.

As described above, 1n the housing section 22 of the flow
path forming member 20, the recessed portion for attach-
ment 24 provided with the communication hole 24a com-
municating with the measurement chamber 28, the insertion
hole 25 for attaching a thermistor, and the like are formed.
A metal plate 36 shown 1n FIG. 3 1s insert-molded 1n a place
corresponding to the housing section 22. As shown 1n FIG.
3, this metal plate 36 has a shape substantially following a
bottom surface shape of the housing section 22 and has a
recessed portion 37 corresponding to the recessed portion
24, and an opening portion 38 corresponding to the insertion
hole 25. The metal plate 36 includes a cut-raised portion 83
at 1ts one corner. As shown in FIG. 1, after being insert-
molded, this cut-raised portion 83 1s brought into a state in
which 1t 1s vertically provided on the inner side of the
housing section 22 and, when the electronic circuit substrate
70 1s attached, inserted in an attachment hole 72 on the
substrate. A land connected to a ground line 1s prepared 1n
the attachment hole 72, and the cut-raised portion 83 1s
soldered to this land.

In one part adjacent to the cut-raised portion 83 among
four 1nside corners of the housing section 22, a projected
portion for terminal 22a 1s provided which 1s also used as a
support base for mounting the electronic circuit substrate 70.
On the outside thereof, a connector 31 for exchanging an
clectric signal 1s formed, and terminals forming the connec-
tor 31 penetrate through an external wall of the housing
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section 22 1n this part. Three terminals are prepared for the
connector 31 on 1ts entrance side, and two terminals on both
sides of the three terminals serve as power supply lines
(ground and DC voltage Vcc) for supplying power to the gas
sensor 10 from the outside and the one 1n the center thereof
serves as a signal output line from the gas center 10. The
number of the terminals of this connector 31 1s four (31a to
31d) as shown 1n FIG. 4 on the housing section 22 side. This
1s because, as shown 1n the figure, the terminal 31c¢ for the
ground line has a shape branched into two 1n the middle. One
of the two branched terminals 314 1s extended upward and
inserted 1n an insertion hole 835 prepared 1n a corresponding
position of the case 80 when the case 80 1s assembled. After
isertion, terminal 314 1s soldered or brazed to the case 80.
As a result, the entire case 80 1s electrically coupled to the
ground line. In the remaining two parts among the corners
of the housing section 22, a support base (now shown) is
formed for mounting the electronic circuit substrate 70.

A-3. Structure of the Detection Flement Main Body 40

A structure of the detection element main body 40 1is
shown 1n a sectional view of FIG. 5. As shown in FIG. 5, the
detection element main body 40 includes an element case 42
made of synthetic resin. An opening portion 1s provided on
a bottom surface of this element case 42, and a circular
protective film 48 using a material having an anti-gasoline
property 1s adhered to an end face 45 around this opening
portion so as to cover the opening portion. Note that a step
portion 46 1s formed 1n an outside edge of the end face 45.

In this embodiment, the above-mentioned element case 42
to which the protective film 48 1s referred to herein as a
“housing”. It 1s also possible to realize a “housing” 1n a form
other than this element case 42 to which the protective film

48 1s adhered.

The element case 42 includes a flange section 41 of a
shape extended to the outside above 1t and a housing section
43 below the flange section 41. The flange section 41 1is
formed 1n diameter larger than the recessed portion 24
provided in the housing section 22, and the housing section
43 1s formed 1n a diameter smaller than the recessed portion
24. A projection for welding 39 1s formed 1n a circular shape
substantially in the center of a lower surface of the flange
section 41.

As shown 1n FIG. 5, the element case 42 has a sectional
shape of a substantially reverse “L”. An internal peripheral
surface of the element case 42 1s tapered at approximately 11
degrees with respect to a vertical surface. Therefore, a part
corresponding to the external wall of the housing section 43
becomes thicker as it 1s closer to the lower part, that 1s, the
protective film 48. As a result, the housing section 43 of the
clement case 42 has an external wall which 1s thin and has
excellent flexibility 1n the vicinity of its joint with the flange
section 41, and on the end face 45 on the lower side, has an
area suilicient for attaching the protective film 48.

Projecting portions 56a and 565 of a shape projecting to
an mner side of the case are provided 1n the element case 42,
and terminals 35q and 336 are embedded 1n these projecting
portions 56a and 56b. As shown 1n FIG. 35, one end of each
of the terminals 55a and 55b 1s slightly projected to the inner
side of the case, and the other end of each of the terminals
53a and 55b 1s projected above the case.

As shown 1n FIG. 5, an acoustic matching plate 50 of a
substantially columnar shape, a piezoelectric element 31,
and a tube body 52 are housed 1n the element case 42. In this
embodiment, the above-mentioned acoustic matching plate
50 1s referred to herein as a “matching member”. The
acoustic matching plate 50 1s adhered and fixed to substan-
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tially a center of the protective film 48, and a piezoelectric
clement 51 1s adhered and fixed to substantially a center of
an upper surface of this acoustic matching plate 50. The
acoustic matching plate 50 1s provided for transmitting
vibration of the piezoelectric element 51 into the air (to the
measurement chamber 28 1n this embodiment) efliciently via
the protective film 48. Vibration of the piezoelectric element
51 can be efliciently transmitted into the measurement
chamber 28 as an ultrasonic wave by joining the piezoelec-
tric element 51 to the protective film 48 via the acoustic
matching plate 50 rather than adhering 1t directly thereto.
This 1s because an ultrasonic wave easily reflects 1n a place
where there 1s a difference of densities of media. Although
a plate formed by hardening a large number of small glass
balls with epoxy resin was used as the acoustic matching
plate 50 1n this embodiment, it 1s possible to use other

materials.

The piezoelectric element 31 15 an electrostrictive element
such as piezoelectric formed 1n a columnar shape and 1s cut
out with directions of gratings arranged such that distortion
occurs only in an axial direction when a voltage 1s applied
to electrodes formed on its upper and lower surfaces 1n the
axial direction. As such a piezoelectric element 51, a crystal
such as a piezoelectric ceramic or a rock crystal can be used
appropriately. Note that, although not specifically 1llustrated,
the electrodes may be formed with a technique such as vapor
deposition on the upper and lower surfaces of the piezo-
clectric element 51 or may be formed by adhering a metal
thin plate to the piezoelectric element 51.

One end of each of the two lead wires 34a and 54b 1s
soldered to respective electrodes of the piezoelectric element
51. As shown 1n FIG. 5, the other end of each of the two lead
wires S4a and 545b 1s soldered to one end of the respective
terminals 35q and 3555 projecting from the projecting portion

56a and 56b of the element case 42.

As described below, the piezoelectric element 31 func-
tions as a transmitter for transmitting an ultrasonic wave 1nto
the measurement chamber 28 and, at the same time, 1n this
embodiment, also functions as a receiver for receiving
ultrasonic vibration and outputting an electric signal. It 1s
also possible to separately provide an element for transmis-
sion and an element for reception 1n making a gas sensor.

In addition, a tube body 52 of cylindrical shape 1s
mounted on the protective film 48 1n a position where 1t
surrounds the acoustic matching plate 30 and the piezoelec-
tric element 51. This tube body 52 1s formed by rolling a
polyethylene terephthalate film 52a and a copper foil 52c,
which are adhered together via an adhesion layer 525, 1n a
tubular shape with the copper foil 52¢ side being inside to fit
and adhere end faces on both sides together. Details of this
tube body 352 will be described later.

After housing and mounting the acoustic matching plate
50, the piezoelectric element 51, and the tube body 52 1n the
clement case 42 to which the protective film 48 1s adhered
in this manner, the lead wires 54a and 545 of the piezoelec-
tric element 51 are connected to the terminals 554 and 555.
After this connection, resin 1s filled 1n the element case 42
as a filler, whereby a filled layer 99 1s formed 1n the element
case 42 as shown 1in FIG. 5. As a result, the acoustic
matching plate 50, the piezoelectric element 51, the tube
body 52, the lead wires 54a and 545 are brought into a state
in which they are embedded in the filled layer 99.
Consequently, assembly of the detection element main body
40 1s completed. Note that urethane 1s used as the filler 1n
this embodiment.

In this embodiment, the above-described tube body 32 1s
referred to herein as an “intervening member”. It 1s also
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possible to realize an “intervening member” 1n a form other
than the tube body 52. In addition, in this embodiment, the
above-described filled layer 99 is referred to herein as a

“filled layer™. It 1s also possible to realize a “filled layer” 1n
a form other than this filled layer 99.

According to such assembly, the detection element main
body 40 1s formed 1n a disk shape as shown 1n FIG. 1. After
completing the assembly, the flange section 41 of the ele-
ment for detection main body 40 1s adhered to the recessed
portion 24 of the housing section 22 firmly by ultrasonic
welding the projection 39 formed on a lower surface of the
flange section 41.

Turning back briefly to FIG. 2, a cushion material 88 may
be provided in the flow path forming member 20 1n the
vicinity of the detection element main body 40. The cushion
material 88 1s comprised of porous silicone, so as to prevent
reverberation ol the piezoelectric element 51 which rever-
beration tends to occur 1f another acoustically different filler
made of urethane resin 1s filled in the housing section 22 to
contact mner filler 99. Insertion of such porous material
limits air between the fillers, thereby preventing the air to
change greatly 1 volume as a function of temperature as
well as preventing thermal stress atiecting the filler 99 and
the piezoelectric element 51.

A-4. Structure of the Electronic Circuit Substrate 70 and
a Technique for Detecting Vapor Concentration of Gasoline

Next, a structure of the electronic circuit substrate 70 and
attachment thereof will be described. The electronic circuit
substrate 70 1s a glass epoxy substrate on which a circuit
pattern 1s formed in advance by etching or the like, and
through-holes or the like are provided in positions for
attaching various components (e.g., various components for
signal processing such as an itegrated circuit (IC) for signal
processing, a resistor, and a capacitor). In addition, as
already described, 1n the electric circuit substrate 70, 1n
positions corresponding to the element for detection main
body 40, the thermistor 60, the terminals 55aq and 555, the
terminals 31a to 31¢ of the connector 31, and the cut-raised
portion 83, attachment holes of a size according to shapes of
the respective terminals are provided, and a land pattern
surrounds the attachment holes. After attaching the detection
clement main body 40 and the thermistor 60 1s completed,
the electronic circuit substrate 70 to which the above-
described various components are attached 1s mounted on
the housing section 22 of the flow path forming member 20.
Thereatter, an electric circuit configuration of the electronic
circuit substrate 70 1s completed by soldering the terminals
inserted in the respective attachment holes of the electronic
circuit substrate 70 to lands around them.

An electric structure of the gas sensor 10 completed 1n this
way 1s shown 1n a block diagram of FIG. 6. As shown 1n the
figure, this electronic circuit substrate 70 includes a micro-
processor 91 as a main component and also includes respec-
tive circuit elements connected to the microprocessor 91,
that 1s, a digital/analog converter (ID/A converter) 92, a
driver 93, a comparator 97 to which an amplifier 96 1is
connected, and the like. The driver 93 and the amplifier 96
are connected to the element for detection main body 40. In
addition, the thermistor 60 is directly connected to an analog
input port of the microprocessor 91.

The driver 93 1s a circuit for recerving an nstruction from
the microprocessor 91 to drive the piezoelectric element 51
of the detection element main body 40 for a predetermined
time. Upon recerving an instruction from the microprocessor
91, the drniver 93 outputs plural rectangular waves. Upon
receiving signals of the rectangular waves output by the
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driver 93, the piezoelectric element 51 vibrates and func-
tions as a transmitter to transmit an ultrasonic wave 1nto the
measurement chamber 28. Such an ultrasonic wave which 1s
transmitted from the piezoelectric element 51 1nto the mea-
surement chamber 28 as the piezoelectric element 51

vibrates upon receiving an output signal from the driver 93
1s hereinatter referred to as an ultrasonic wave for detection

DW.

In this embodiment, the rectangular wave output by the
driver 93 1s referred to herein as a “predetermined signal”.
It 1s also possible to realize the “predetermined signal” 1n a
form other than a rectangular wave output by the driver 93.

The ultrasonic wave transmitted nto the measurement
chamber 28 travels straight while keeping relatively high
directivity and retlects on the reflecting section 33 of the
bottom portion of the measurement chamber 28 to return.
When the ultrasonic wave which has returned reaches the
protective film 48, vibration of the ultrasonic wave 1s
transmitted to the piezoelectric element 51 via the protective
f1lm 48 and the acoustic matching plate 50. The piezoelectric
clement 51 having receirved the vibration of the ultrasonic
wave then functions as a receiver to output an electric signal
according to the vibration to the amplifier 96. This state 1s
shown 1n FIG. 7. In FIG. 7, a transmission period P1
represents a period during which the piezoelectric element
51 receirves the signal from the driver 93 and transmits the
ultrasonic wave for detection DW (period during which the
piezoelectric element 51 functions as a transmitter), and an
input period P2 represents a period during which a signal of
the piezoelectric element 51 having received the vibration of
the ultrasonic wave 1s input i the amplifier 96 (period
during which the piezoelectric element 51 functions as a
receiver).

The signal of the piezoelectric element 51 at the time
when 1t functions as the receiver 1s mput 1n the amplifier 96
and amplified. An output of thus amplifier 96 1s inputted 1n
the comparator 97 and compared here with a threshold value
Vrel set in advance. The threshold value Vref 1s set at a level
in which an error signal output by the amplifier 96 due to
noise can be distinguished.

In addition to those due to noise, error signals may result
from reverberation or the like of the detection element main
body 40 itself. Although the piezoelectric element 51 1s
adhered to the acoustic matching plate 50 and filled with a
filler, 1t 1s capable of free end vibration to some extent and
therefore may exhibit damped vibrations over a certain
predetermined period even after a drive signal output from
the driver 93 1s turned ofl. In addition, a slight ultrasonic
vibration propagating from the piezoelectric element 51 to
its periphery, and vibration which 1s caused by the ultrasonic
vibration reflecting on an interface of the element case 42 or
the like to return may also be present. These become
reverberations. An ultrasonic wave transmitted from the
piezoelectric element 51 when the piezoelectric element 51
vibrates due to reverberation in the eclement case 42 1s
hereinaiter referred to as a noise ultrasonic wave NW,.

The comparator 97 compares the signal from the amplifier
96 with the threshold value Vrel, thereby reversing its output
when a magnitude of vibration received by the piezoelectric
clement 51 becomes equal to or larger than a predetermined
magnitude. By monitoring the output of the comparator 97
with the microprocessor 91 and measuring a time At from
output timing (timing t1 of FIG. 7) of a first ultrasonic wave
from the piezoelectric element 51 until output timing (timing
t2 of FIG. 7) when the output of the comparator 97 reverses,
a time required for the ultrasonic wave to travel a propaga-

10

15

20

25

30

35

40

45

50

55

60

65

14

tion distance to and from the reflection section 33 in the
measurement chamber 28 can be found. It 1s known that the
speed C at which an ultrasonic wave propagates through a
certain medium 1s represented by the following expression

(1):
-

This expression (1) 1s a general expression which 1s
established for a gas 1n which plural components are mixed,
and a variable n 1s a suflix indicating that the expression
concerns an nth component. Therefore, Cpn represents a
constant pressure specific heat of the nth component of the
gas S present in the measurement chamber 28, Cvn rep-
resents an 1sovolumetric specific heat of the nth component
of the gas GS 1n the measurement chamber 28, Mn repre-
sents a molecular weight of the nth component, and Xn
represents a mixture ratio of the nth component. In addition,
R represents a gas constant and T represents a temperature
of the gas GS 1n the measurement chamber 28.

The propagation speed C is defined by the temperature T
and the concentration ratio Xn of the gas GS in the mea-
surement chamber 28. The propagation speed C of an
ultrasonic wave can be expressed as follows using the
propagation distance L from the piezoelectric element 51 to
the reflecting section 33:

RTS. Cpn X, (1)

2. Con Xy 2. My Xt

C=2xL/At (2)

Theretore, 1f At 1s measured, the concentration ratio Xn, that
1s, a vapor concentration of gasoline can be found.

The microprocessor 91 performs an arithmetic operation
in accordance with the above expression at high speed and
outputs a signal corresponding to the found vapor concen-
tration of gasoline via the D/A converter 92. This signal 1s
output to the outside via the terminal 315 of the connector
31. In the embodiment, this signal 1s output to a computer,
which controls a fuel mjection amount of an internal com-
bustion engine, and 1s used here for processing such as
correcting the fuel mjection amount taking into account a
purge amount of gasoline from a canister.

A-35. Characteristics of the Tube Body 52

Characteristics of the tube body 52 will be described with
reference to FIGS. 5 and 8. FIG. 8 1s a disassembled
perspective view showing a relationship between the tube
body 52 and the acoustic matching plate 50 and piezoelectric
clement 51. As shown 1 FIGS. 5 and 8, the tube body 52 is
provided 1n an area between the acoustic matching plate 50
and piezoelectric element 51 and the element case 42 so as
to surround the acoustic matching plate 50 and the piezo-
clectric element 351.

As described above, the tube body 52 1s formed 1n a
three-layer structure consisting of three types of media with
different densities, namely, polyethylene terephthalate
(PET) film 52a, adhesion layer 525, and copper foil 52c.
Consequently, the acoustic impedance of the tube body 52
has different values in the respective layers.

As shown 1n FIG. 5, the tube body 52 1s formed with a
polyethylene terephthalate film 352a on 1ts outer side
(element case 42 side shown 1n FIG. 5) and the copper foil
52¢ having a larger density than the polyethylene tereph-
thalate film 52a on 1ts 1nner side (piezoelectric element 51
side shown 1n FIG. 5). In this way, the copper foil 52¢ which
1s a medium having a larger density than urethane resin
serving as a filler 1s used on the 1nner side of the tube body

d2.
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As shown 1n FIGS. 5 and 8, since an inner diameter of this
tube body 52 substantially coincides with an outer diameter
of the acoustic matching plate 50, the tube body 52 1s closely
attached to the external periphery of the acoustic matching
plate 50 in a state in which 1t 1s mounted on the protective
f1lm 48. As a result, the tube body 52 1s arranged 1n a position
closer to the acoustic matching plate 50 and piezoelectric
clement 51 than the element case 42 1n an area between the
acoustic matching plate 50 and piezoelectric element 51 and
the element case 42 1n a state in which 1t 1s close to the
acoustic matching plate 50 and piezoelectric element 51.
Note that the tube body 52 and the acoustic matching plate
50 are not adhered to each other. In addition, the copper foil
52¢ on the mnner side of the tube body 52 1s not adhered to
the filled layer 99.

In addition, as shown in FIGS. 5 and 8, the external
diameter of the piezoelectric element 51 1s made smaller
than the external diameter of the acoustic matching plate 50.
Therefore, a gap 1s formed between the internal surface of
the tube body 52 surrounding the acoustic matching plate 50
and the piezoelectric element 51 and the side of the piezo-
clectric element 51.

As shown 1n FIG. 8, twelve openings 53 are provided 1n
the tube body 52. These openings 53 are provided in
positions oflset upward along the axial direction of the
piezoelectric element 31 (in other words, 1n a position oflset
to a side opposite the measurement chamber 28). Therefore,
alter assembly, the openings 53 of the tube body 52 are
present 1n positions corresponding to the external periphery
of the piezoelectric element 51 rather than the external
periphery of the acoustic matching plate 50. Note that, in
FIG. 8, for convenience of understanding, respective layers
52a, 526, and 52c¢ forming the tube body 52 are drawn
integrally.

A-6. Actions and Effects of the First Embodiment

In the gas sensor 10 of the first embodiment described
above, the acoustic matching plate 50 and the piezoelectric
clement 31 are adhered and fixed 1n the element case 42 to
which the protective film 48 1s adhered 1n an opening portion
of 1ts bottom surface, and the tube body 52 1s provided so as
to surround the acoustic matching plate 50 and the piezo-
clectric element 51. By providing the tube body 52 in this
manner, in the case in which reverberation 1s generated in
the filled layer 99 of the element case 42 following trans-
mission of the ultrasonic wave for detection DW, this
reverberation decreases promptly and the time during which
the reverberation continues 1s reduced. In this way, since the
time during which the reverberation continues 1s reduced, an
acoustic level of the noise ultrasonic NW transmitted from
the piezoelectric element 51 1s reduced promptly.

That 1s, when the piezoelectric element 51 and the acous-
tic matching plate 50 vibrate, the noise ultrasonic wave NW
1s emitted 1 a direction other than a regular direction
(measurement chamber 28 side) from the piezoelectric ele-
ment 51 and the acoustic matching plate 50. Of this noise
ultrasonic wave NW, noise ultrasonic wave NWs emitted 1n
an 1nternal peripheral surface direction of the element case
42 (honizontal direction i FIG. 5) are divided into a
component NWsl reflected on an interface with the copper
fo1l 52¢ of the tube body 52 and a component NWs2
transmitting through the copper foil 52¢. In addition, the
component NWs2 which transmits through the copper foil
52c¢ 1s Turther divided into a component NWs3 which retlects
on an 1terface with the adhesion layer 525 and a component
NWsd transmitting through the adhesion layer 5256. In this
way, since the noise ultrasonic wave NWs collide with the
tube body 52 to be dispersed 1n terms of time and energy, the

10

15

20

25

30

35

40

45

50

55

60

65

16

energy of the noise ultrasonic wave NWs returning to the
piczoelectric element 51 1s attenuated. As a result, an
acoustic level of the noise ultrasonic wave NWs becomes
low compared with the case without the tube body 52. Note
that 1t has become clear according to results of experiments
described below that duration of reverberation 1s reduced 1n
the case 1n which the tube body 52 1s provided.

A state 1n which the acoustic level of the noise ultrasonic
wave NW 1s reduced in the gas sensor 10 of the first
embodiment 1s shown 1n FIG. 9. FIG. 9 1s a graph showing
temporal transition of a vibration state of the piezoelectric
clement 51 after the piezoelectric element 51 has transmitted
the ultrasonic wave for detection DW upon receiving an
output signal from the driver 93 (after elapse of the trans-
mission period P1 in FIG. 7). In this graph, the horizontal
axis shows an elapsed time and the vertical axis shows an
amplitude of the piezoelectric element 51. This amplitude of
the piezoelectric element 51 shows an amplitude detected 1n
a vibration detector connected to the piezoelectric element

51. In this graph, a value of “Vrel” of the amplitude of the
piezoelectric element 51 indicates an amplitude to be
detected 1n the case 1n which the piezoelectric element 31 1s
in a vibration state equivalent to a threshold value Vrel. Note
that an 1nput period P2 indicates a period during which the
piezoelectric element 51 functions as a receiver.

As shown 1n FIG. 9, the amplitude of the piezoelectric
clement 51 promptly attenuates after 1t 1s generated as the
piezoelectric element 51 1s vibrated by the driver 93. That 1s,
the amplitude of the piezoelectric element 51 becomes
smaller than “Vrel” after the transmission of the ultrasonic
wave for detection DW and becomes feeble before a begin-
ning of the iput period P2. This means that reverberation in
the element case 42 1s promptly reduced after the transmis-
s1on of the ultrasonic wave for detection DW. Consequently,
in the mput period P2, the noise ultrasonic wave NW
transmitted from the piezoelectric element 51 1s brought into
a state 1n which 1t 1s extremely feeble, and the piezoelectric
clement 51 receives the ultrasonic wave for detection DW
reflected by the reflecting section 33 1n this state. I the noise
ultrasonic wave NW 1s feeble in this way, even 1n the case
in which 1t interferes with the ultrasonic wave for detection
DW as a reflected wave, since the degree of interference 1s
weak, a waveform or a phase of the ultrasonic wave for
detection DW 1s never disturbed significantly. Therefore, 1t
becomes possible to accurately obtain an elapsed time since
a first ultrasonic wave for detection DW 1s transmuitted until
it returns to the piezoelectric element 51. In addition, a
signal of a level equal to or higher than the threshold value
Vrel can be imput in the comparator 97 surely as the
piezoelectric element 51 recerves the ultrasonic wave DW
which has returned.

In this manner, according to the gas sensor 10 of the first
embodiment, it becomes possible to promptly reduce the
acoustic level of the noise ultrasonic wave NW transmitted
from the piezoelectric element 51, and accurate detection of
a concentration of gasoline vapor based upon the ultrasonic
wave for detection DW can be secured.

In addition, in the gas sensor 10 of the first embodiment,
the copper 101l 52¢ on the inner side of the tube body 52 1s
brought into a state in which 1t 1s not adhered to the filled
layer 99 1n the element case 42. In this way, the surface of
the copper 1o1l 52¢ slides against the filled layer 99, whereby
thermal stress applied to the perniphery of the acoustic
matching plate 50 and the piezoelectric element 51 1s eased.
In addition, since the copper foil 52¢ and the filled layer 99
are not adhered to each, there 1s a loss of ultrasonic wave
energy of a reverberation at that interface. Therefore, the
duration of the reverberation can be further reduced.
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Moreover, 1n the gas sensor 10 of the first embodiment,
alter arranging the tube body 52 on the protective film 48 1n
the bottom of the element case 42 to be close to the acoustic
matching plate 50 and the piezoelectric element 51, a filler
1s filled 1n the element case 42 to form the filled layer 99. A
large number of openings 33 are provided 1n this tube body
52, and the filler penetrates mto the openings 33 at the time
when the filler 1s filled. Therefore, when the filler 1s
hardened, the tube body 52 and the inner side portion thereof
are bonded with the outer side portion of the tube body 52.
Consequently, when the gas sensor 10 1s exposed 1n a high
temperature atmosphere and the filled layer 99 thermally
expands, the acoustic matching plate 50 and the piezoelec-
tric element 51 arranged 1n the 1nner side portion of the tube
body 52 are prevented from moving in a direction toward the
measurement chamber 28 following this thermal expansion
(a state indicated by an alternate long and two short dashes
line mn FIG. 10). As a result, accuracy of detection for a
concentration of gasoline vapor can be further improved.

In addition, 1n the gas sensor 10 of the first embodiment,
the openings 33 provided in the tube body 52 are formed in
a position oflset upward along an axial direction of the
piezoelectric element 51. Consequently, positional move-
ment of the acoustic matching plate 50 and the piezoelectric
clement 51 following the thermal expansion of the filled
layer 99 1s suppressed and, at the same time, appropriate slip
of the surface of the copper 101l 52¢ against the filled layer
99 i1s secured, and thermal stress applied to the periphery of
the acoustic matching plate 50 and the piezoelectric element
51 i1s eased. Theretore, reduction of the duration of rever-
beration can be realized while securing accuracy of detec-
tion of gasoline vapor concentration.

Although the tube body 52 1s formed using three types of
media 1n the first embodiment, the tube body may be formed
of only one type of material. As a material 1n this case, a
material with a quality diflferent from urethane resin serving,
as the filled layer (e.g., a metal such as copper) can be used.
In this manner, the noise ultrasonic wave NWs emitted 1n the
internal peripheral surface direction of the element case 42
transmits through the tube body or collides with the tube
body to be reflected, whereby 1its energy 1s attenuated.
Therefore, the duration of the reverberation 1n the filled layer
99 can be reduced compared with the case without the tube
body.

In addition, although the tube body 52 1s formed in a
shape surrounding the entire periphery of the acoustic
matching plate 50 and the piezoelectric element 51 in the
first embodiment, 1t 1s also possible to adopt a structure 1n
which the tube body 52 is constituted from plural members
and the respective members are arranged around the acoustic
matching plate 50 and the piezoelectric element 51. In this
structure, the members constituting the tube body 52 may be
arranged with gaps among the members. In this way, a state
in which the filler has flown 1n the gaps provided among the
members 1s obtained, and in the case 1n which the filled layer
99 expands, movements of the respective members consti-
tuting the tube body 52 are restricted by the expanded filler.
Therefore, as 1n the case 1n which the opening 53 1s provided
in the above-mentioned embodiment, the acoustic matching
plate 50 and the piezoelectric element 51 can be prevented
from moving in a direction toward the measurement cham-
ber 28.

In the first embodiment, the filled layer 99 1n the element
case 42 only has to be formed with a height at which the
piezoelectric element 51 1s embedded. For example, 1t 1s also
possible to adopt a structure 1 which the filled layer 99 1s
provided with a height at which the top end of the tube body
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52 1s not embedded and the lead wires 54a and 546 of the
piezoelectric element 51 are connected to the terminals 554
and 555 via the copper fo1l 52¢ at the top end of the tube
body 52.

A-7. Results of Experiments

The above description “by providing the tube body 52 so
as to surround the acoustic matching plate 50 and the
piezoelectric element 51, the reverberation generated in the
clement case 42 following the transmission of the ultrasonic
wave for detection DW attenuates promptly, and time during
which the reverberation continues 1s reduced” will be 1ndi-
cated below based upon an experiment 1. Conditions of this
experiment 1 are shown 1n FIG. 11.

First, one element case 1n which the tube body 52 was not
provided around the acoustic matching plate 50 and the
piezoelectric element 51 was prepared and, at the same time,
four types of element cases in which one of tube bodies 52A
to 52D was provided around the acoustic matching plate 50
and the piezoelectric element 51 were prepared as shown 1n
FIG. 11. In these four types of element cases, the tube body
52 A without the opening 53, the tube body 52B 1n which the
opening 33 was formed in its upper part, the tube body 52D
in which the opening 53 was formed 1n 1ts lower part, and
the tube body 52C in which the opening 53 was formed
between the upper part and the lower part (hereinafter
referred to as central part) are housed. Concerning a material
of the tube bodies 52A to 52D, a direction and an inner
diameter D of the copper foil 52¢, conditions were the same
as those 1n the above-described embodiment. Note that, in
FIG. 11, descriptions of the filled layer 99 and the like
formed 1n the element case are omitted for convenience of
description.

For such five types of element cases, the long time
required to reduce reverberation in the element case 42 to a
fixed level or less after the ultrasonic wave for detection DW
was transmitted was measured plural times under a high
temperature condition of 85° C. An average value of the
plural times of measurement 1s shown 1 FIG. 12(A) as a
result of the experiment 1. As shown in FIG. 12(A), the time
during which the reverberation continued was shorter 1n the
clement cases which were provided with the tube bodies
52A to 52D as compared with the element case which was
not provided with the tube body 52. In addition, concerning
the four types of element cases which were provided with
the tube bodies 52A to 52D, the time during which the
reverberation continued was shorter in the order of the
clement case including the tube body 52D, the element case
including the tube body 352C, the element case including the
tube body 52 A, and the element case including the tube body
52B. According to this result, it 1s surmised that an eflfect for
reducing the duration of a reverberation becomes high in the
case 1n which the opening 53 of the tube body 1s placed 1n
an upper position.

Next, an experiment 2 will be described. In experiment 2,
concerning the element case including the tube body 52B 1n
which time during which a reverberation continued was
shortest, the tube body 52B was changed to a tube body 52E
described below, and the duration of a reverberation was
measured with the same method as 1n experiment 1. The tube
body 52FE was a tube body in which directions of the
polyethylene terephthalate film 524 and the copper foil 52¢
were opposite the direction of the tube body 52B (i.e., the
polyethylene terephthalate film 52a was on the inner side
(piezoelectric element 31 side shown in FIG. 3) and the
copper o1l 532¢ was on the outer side (element case 42 side
shown 1n FIG. §)). Also, the position of the opening 53, a
material and an mner diameter D of the tube body 32E were
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the same as those of the tube body 52B. The result of this
experiment 2 1s shown m FIG. 12(B). As shown i FIG.
12(B), a duration of a reverberation in the element case
including the tube body 52FE was shorter than that in the
clement case which was not provided with the tube body 52
and was longer than that 1n the element case including the
tube body 52B.

Next, an experiment 3 will be described. In experiment 3,
concerning the element case including the tube body 52B
having the shortest reverberation time, the tube body 52B
was changed to a tube body 52F or 52G described below,
and the duration of a reverberation was measured as 1n
experiment 1. The tube bodies 52F and 52G were tube
bodies 1n which inner diameters D thereof were made larger
than that of the tube body 52B, the inner diameter D of the
tube body 352F was “¢ 12.7” and the 1inner diameter D of the
tube body 52G was “¢ 14.5”. In the tube bodies 52F and
52G, the position of the opening 53, the orientation of the
copper fo1l 52¢, and the material of the tube body 52 were
the same as those of tube body 52B. The result of experiment
3 1s shown in FIG. 12(C). As shown in FIG. 12(C), a
duration of reverberation in each element case including the
tube body 52F or 52G was shorter than that of the element
case which was not provided with the tube body 52 and
longer than that of the element case including the tube body
52B. Also, the time during which the reverberation contin-
ued was shorter 1n the order of the element case including
the tube body 52F and the element case including the tube
body 52G. According to this result, 1t 1s surmised that the
duration of the reverberation becomes shorter as the inner
diameter of the tube body becomes smaller and the distance
from the tube body to the acoustic matching plate 50 and the
piezoelectric element 51 becomes shorter.

Next, an experiment 4 will be described. In experiment 4,
concerning the element case including the tube body 52B
having the shortest reverberation time, the material of the
tube body 52B was changed to a tube body 52H or 521
described below, and the duration of a reverberation was
measured as 1 experiment 1. The tube body 352H was
formed 1n a three-layer structure consisting of the polyeth-
ylene terephthalate film 52q, the adhesion layer 52B, and
aluminum, and the tube body 521 was a tube body 1n which
the copper fo1l 52¢ was adhered between two polyethylene
terephthalate films. In the tube bodies 52H and 52I, the
position of the opeming 53, and the direction and the inner
diameter D of the metal layer (aluminum) were the same as
those of the tube body 52B. The result of experiment 4 1s
shown 1n FIG. 12(D). As shown 1n FIG. 12(D), the duration
of the reverberation in each element case including the tube
body 52H or 521 was shorter than that of the element case
which was not provided with the tube body 52 and longer
than that of the element case including the tube body 52B.
Also, the time during which the reverberation continued was
shorter in the order of the element case including the tube
body S52H and the element case including the tube body 52I.
According to this result, it 1s surmised that, when densities
of media of an 1nternal surface and an external surface of a
tube body are varied, a difference 1s generated 1n acoustic
impedance between the internal surface and the external
surface ol the tube body to reduce the duration of the
reverberation.

B. Second Embodiment

Next, a second embodiment of the present invention waill
be described. A gas sensor of the second embodiment 1s
different from the gas sensor of the first embodiment 1n that
a plate-like body 165Q), which 1s formed using a porous
body, 1s provided 1n the element case 42 of the element for
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detection main body 40. A sectional structure of an element
for detection main body 140 provided with the plate-like
body 165Q 1n an eclement case 142 1n this way 1s shown in
FIG. 13. FIG. 13 represents a section corresponding to FIG.
5. In FIG. 13, concerning the respective portions common to
the detection element main body 40 in the first embodiment,
numerals of second and first positions and alphabets follow-
ing them of symbols are represented using the same numer-
als or alphabets as those 1mn FIG. 5. A tube body 152 1s the
same as the above-mentioned tube body 52 and 1s arranged
in the same position as the tube body 52.

As shown 1n FIG. 13, the plate-like body 165Q made of
foamed silicon 1s provided on a surface (heremnafter referred
to as an upper surface) of a piezoelectric element 151
opposed to a surface of a filled layer 199. In this
embodiment, the above-mentioned plate-like body 1635Q 1s
referred to herein as the “surface member™.

A perspective shape in the vicimity of the upper surface of
the piezoelectric element 151 1s shown 1n FIG. 14. As shown
in FIG. 14, a positive electrode 151aq and a negative elec-
trode 1515 are formed by evaporation on the upper surface
and the lower surface of the piezoelectric element 151,
respectively. The negative electrode 1515 has a folded-back
portion 151¢ which 1s a portion for inputting and outputting
from the negative electrode 1515. This folded-back portion
151c¢ 1s folded back to the upper surface of the piezoelectric
clement 151 so as not to contact the positive electrode 151a.
One end of each of the lead wires 154a and 1545 1s soldered
to the positive electrode 151a and the folded-back portion
151¢ of the negative electrode 151b, respectively. The
plate-like body 165Q 1s adhered to an area excluding the
portion, where the lead wire 1544 1s soldered, on the positive
clectrode 151a and fixed to the piezoelectric element 151.

In this embodiment, a silicon adhesive which 1s capable of
adhering the plate-like body 165Q) to the positive electrode
151a of the piezoelectric element 151 without a gap 1s used
as an adhesive for the plate-like body 165Q). It 1s also
possible to use an adhesive maternial (e.g., a couple-face
tape) other than the silicon adhesive. In the case in which a
couple-face tape 1s used, reduction of hardening time of an
adhesive and reduction of working man-hours required for
adhesion can be realized.

According to the gas sensor of the second embodiment
constituted as described above, in the case in which a
reverberation 1s generated in the filled layer 199 of the
clement case 142 following transmission of an ultrasonic
wave for detection DW, this reverberation decreased
promptly due to actions of the tube body 152 and the
plate-like body 165Q), and time during which the reverbera-
tion continues 1s further shortened. In this way, since the
time during which the reverberation continues 1s further
shortened, an acoustic level of a noise ultrasonic wave NW
transmitted from the piezoelectric element 151 1s reduced
more promptly.

That 1s, an energy of a noise ultrasonic wave NWs emitted
in the internal peripheral surface direction of the element
case 142 (hornizontal direction 1n FIG. 13) by vibration of the
piezoelectric element 151 and the acoustic matching plate
150 1s attenuated by collision of the noise ultrasonic wave
NWs with the tube body 52 as 1n the first embodiment. In
addition, a noise ultrasonic wave NWu emitted in the surface
direction of the filled layer 199 (upward direction i FIG.
13) from the positive electrode 151a side of the piezoelectric
clement 151 by the vibration of the piezoelectric element
151 and the acoustic matching plate 150 1s divided into a
component NWul to be reflected on an interface with the
hardened silicon adhesive and a component NWu2 trans-
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mitting through the hardened silicon adhesive. Further, the
component NWu2 transmitted through the silicon adhesive
1s Turther divided 1into a component NWu3 to be reflected on
the interface with the plate-like body 165Q and the compo-
nent NWud transmitting through the plate-like body 1635Q).
In this way, the noise ultrasonic wave NWu collides with the
hardened silicon adhesive or the plate-like body 1635Q) to be
dispersed 1n terms of time and energy, and the energy of the
noise ultrasonic wave NWu returning to the piezoelectric
element 151 is attenuated. As a result, an acoustic level of
the noise ultrasonic wave NWu 1s reduced compared with
the case without the plate-like body 165Q).

Moreover, the above-mentioned components NWu3 and
NWud collide with a surface of the porous body and a
surface of an mner wall forming foams inside the porous
body, respectively. Therefore, the degree of the noise ultra-
sonic wave NWu colliding with the plate-like body 165Q)
increases, and an attenuation etliciency of the energy of the
noise ultrasonic wave NW increases. Thus, a gas sensor with
a short duration of reverberation time can be realized.

In addition, according to the gas sensor of the second
embodiment, the plate-like body 1635Q) 1s adhered and fixed
to the upper surface of the piezoelectric element 151.
Consequently, in the case 1n which a temperature around a
part where the gas sensor 1s set (hereinafter referred to as
ambient temperature) rises, even if a force following expan-
sion of the filled layer 199 acts on the plate-like body 165Q)
such that the plate-like body 1635Q) separates from the upper
surface of the piezoelectric element 151, since the plate-like
body 165Q) stays on the upper surface of the piezoelectric
clement 151 against such a force, a situation in which foams
are generated between the piezoelectric element 151 and the
plate-like body 165Q) 1s less likely to occur. As a result of
foams becoming less likely to be generated in this manner,
a situation i which duration of the reverberation and
sensitivity of the piezoelectric element 151 changes largely
with the piezoelectric element 151 subjected to a local stress
by the foams 1s avoided, and characteristic change of the gas
sensor following an increase i1n ambient temperature 1s
suppressed. Therefore, accurate detection ol a gasoline
vapor concentration can be realized regardless of the change
in the ambient temperature.

In the above-mentioned second embodiment, the filled
layer 199 1n the element case 142 only has to be formed with
a height at which the piezoelectric element 151 1s embedded.
For example, as shown in FIG. 15 representing a modified
example of the second embodiment, a structure may be
adopted 1n which a surface 165Q¢ on the opposite side of the
piezoelectric element 151 of the plate-like body 165Q) 1s not
embedded 1n the filled layer 199, and a part of the plate-like
body 165Q) including the surface 165Q¢ 1s exposed above
the surface of the filled layer 199.

C Third Embodiment

Next, a third embodiment of the present invention will be
described. A gas sensor of the third embodiment 1s different
from the gas sensor of the second embodiment 1n that the
tube body 152 provided in the element case 142 1s formed
using a porous body. A section of such an element for
detection main body 240 1s shown in FIG. 16. FIG. 16 shows
a section corresponding to FIG. 13. In FIG. 16, concerning
the respective portions common to the element for detection
main body 140 in the second embodiment, numerals of
second and first positions and alphabets following them of
symbols are represented using the same numerals or alpha-
bets as those 1n FIG. 13. A plate-like body 265Q) 1s the same
as the above-mentioned plate-like body 1635Q) and arranged
in the same position as the plate-like body 165Q).
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As shown 1 FIG. 16, a tube body 252 made of foamed
s1licon 1s provided 1n an area between the acoustic matching
plate 250 to the piezoelectric element 251 and the element
case 242 so as to surround the acoustic matching plate 250
and the piezoelectric element 251. In this embodiment, the
above-mentioned tube body 252(Q) 1s an “intervening mem-
ber”.

According to the gas sensor of the third embodiment
constituted as described above, since the noise ultrasonic
wave NWs collides with a surface of the porous body and a
surface of an mner wall forming foams inside the porous
body, a degree of the noise ultrasonic wave NWs colliding
with the tube body 252Q increases. Therefore, the time
during which the reverberation continues can be shortened
to the same degree as the second embodiment (the case in
which a tube body i1s formed in a three-layer structure
consisting of PET, an adhesive layer, and a copper foil).

In the third embodiment, the filled layer 299 in the
clement case 242 only has to be formed with a height at
which the piezoelectric element 251 1s embedded, and 1t 1s
allowable to change a state of embedding the plate-like body
2635(Q) by the filled layer 299 to the same state as shown 1n
FIG. 15.

As the porous body to be used i formation of the
plate-like body 165Q) or 265Q) or the tube body 252Q) 1n the
second and third embodiments, foamed urethane, foamed
rubber, porous ceramics, porous carbon, and the like can be
used 1n addition to foamed silicon.

In addition, 1n the second and third embodiments, at least
a part of the plate-like body 165Q or 265(Q) or the tube body

252Q) 1s embedded 1n the filled layer 199 or 299. In such an
embedded part, since urethane as a filler penetrates into the
porous body, the amount of air remaining 1n the porous body
1s reduced. When the filler 1s filled 1n foams 1n this way,
since a reflected component of the noise ultrasonic wave
NW 1n the foam portion decreases, the noise ultrasonic wave
NW retlected in the direction of the piezoelectric element
151 or 251 decreases, and the duration of the reverberation
can be further suppressed. In addition, since the air volume
in the porous body decreases, 1n the case 1n which the filled
layer 199 or 299 expands following increase in an ambient
temperature, the piezoelectric element 151 or 251 becomes
less susceptible to local stress according to the increase 1n
the volume of air 1n the porous body. Therelfore, a change 1n
the sensitivity of the piezoelectric element 151 or 251
following an increase 1n ambient temperature can be sup-
pressed.

In addition, as shown 1n FIG. 17, 11 a structure 1s adopted
in which urethane as a filler penetrates 1nto foams existing
inside the porous body, a state 1s obtained in which almost
no air exists 1n the porous body embedded 1n the filled layer
199 or 299. Therefore, the characteristic change of the gas
sensor following an increase 1 ambient temperature can be
suppressed totally. Such a structure can be realized by
defoaming the porous body under vacuum after filling
urethane, forming the plate-like body 165Q or 265Q or the
tube body 252Q with a porous body having continuous
foams, or the like.

E. Results of Experiments;

It 1s also clarified by experimental data as shown below
that the gas sensors of the second and third embodiments
realize the above-mentioned operational eflects.

FIG. 18 shows explanatory views and a table indicating
conditions and results concerning the second and third
embodiments. FIG. 18(A) represents four types of detection
clement main bodies which were used for the experiment. As
shown 1n FIG. 18(A), 1n this experiment, the four types of
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detection element main bodies of the following (1) to (4)
were prepared:

(1) the detection element main body 40 in the first
embodiment (provided with the tube body 52 consist-
ing of the three layer structure of the PET film, the

adhesive layer, and the copper foil);

(2) the detection element main body 140 in the second
embodiment (provided with the tube body 152 consist-
ing of the three layer structure of the PET film, the

adhesive layer, and the copper foil and the plate-like
body 165(Q) formed of foamed silicon);

(3) the detection element main body 40 in the first
embodiment, in which the tube body 52 1s formed of
foamed silicon; and

(4) the detection element main body 240 in the third
embodiment (provided with the tube body 2320
formed of foamed silicon and the plate-like body 2650
formed of foamed silicon).

First, four gas sensors provided with the above-mentioned
respective detection element main bodies were set in pre-
determined parts where the ambient temperature was 25° C.
Next, the ambient temperature of the setting parts was
changed to “85° C.”, and the time during which a rever-
beration continued after the ultrasonic wave for detection
DW was transmitted was measured. FIG. 18(B) shows
measurement values for the duration of the reverberation
obtained for the respective gas sensors in the form of a table.

The below listed facts of <a> and <b> were found from
the table shown in FIG. 18(B).

<a> Even if the material of the tube body 1s changed to
foamed silicon from the above-mentioned three layer
structure, the duration of the reverberation 1s reduced to the
same degree (comparison between the measurement values
of (1) and the measurement values of (3)).

<b> In the case 1 which the plate-like body 165Q or
2635(Q) 1s provided 1n addition to the tube body, the
duration of the reverberation i1s reduced more than the
case 1n which only a tube body 1s provided (comparison
between the measurement values of (1) and the mea-
surement values of (2), and comparison between the
measurement values of (3) and the measurement values
of (4)).

Various embodiments of the present invention have been
described above. The present invention 1s not limited to such
embodiments, but can be applied to, for example, a tem-
perature sensor or a speciiic heat sensor using an ultrasonic
wave, and a sensor for detecting various characteristics of a
gas with a method other than using the ultrasonic wave
within a range 1n which the gist of the present mnvention 1s
not changed.

In addition, 1n the above-described embodiments, a struc-
ture may be adopted 1n which only a plate-like body serving
as a porous body 1s provided without providing a tube body.
According to this structure, the energy of the noise ultra-
sonic wave NWu emitted 1n a surface direction of a filled
layer from a piezoelectric element 1s attenuated by collision
with the plate-like body.

Therefore, the time during which a reverberation contin-
ues can be reduced by employing the plate-like body alone.
In addition, the above-described plate-like body may be
formed with a material other than copper (a material having
a quality diflerent from a filler).

Although the gas sensor i1s constituted such that the
piezoelectric element 51 1s caused to function as a trans-
mitter and a recerver of the ultrasonic wave for detection
DW by providing the reflecting section 33 1n the measure-
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ment chamber 28, the prompt reduction of reverberation as
shown 1n FIG. 9 has an important meaning even 1n the case
in which the reflecting section 33 as described above 1s not
provided and an piezoelectric element as a transmitter
(referred to as element for transmission) and an piezoelectric
clement as a receiver (referred to as element for reception)
are provided separately. That 1s, after the ultrasonic wave for
detection DW 1s transmitted from the element for transmis-

sion to the element for reception, 1f a reverberation 1n an
clement case housing the element for transmission 1s
reduced promptly as shown i FIG. 9, a noise ultrasonic
wave NW 1s prevented from being transmitted from the
clement for transmission after transmission of the ultrasonic
wave for detection DW. For example, before the ultrasonic
wave for detection DW 1s transmitted again from the ele-
ment for transmission or when the ultrasonic wave for
detection DW 1s transmitted again 1n order to again perform
detection of a concentration, the strong noise ultrasonic
wave NW 1s never transmitted to the element for reception.
Therefore, a comparator 97 connected to the element for
reception never outputs a signal from the element for
reception having received the noise ultrasonic wave NW to

the microprocessor 91 confusing 1t with a signal based upon
the ultrasonic wave for detection DW.

This application 1s based on Japanese Patent Application
No. 2002-60683 filed Mar. 6, 2002, incorporated herein by

reference 1n 1ts entirety.

What 1s claimed 1s:

1. A gas sensor including a detection element provided
facing a predetermined flow path of a gas and receiving a
predetermined signal causing the detection element to
vibrate, and detecting means for transmitting a vibration
wave having energy generated by vibration of the detection
clement 1n the flow path direction to detect characteristics of

the gas, the gas sensor comprising:

a housing for housing the detection element 1n a form
capable of transmitting the vibration wave for detection
in the flow path direction;

an attenuation member, provided in the housing, for
attenuating the energy of a vibration wave emitted 1n a
direction different from the transmitting direction and
colliding with the attenuation member; and

a filled layer formed by introducing a filler into the
housing, said filled layer embedding at least the detec-
tion element,

wherein the attenuation member 1s a surface member
provided on the surface of the detection element oppo-
site the surface of the filled layer, said surface member
comprising a porous body, at least a part of the porous
body 1s embedded 1n the filled layer, and the filler
penetrates or permeates into the porous body.

2. The gas sensor as claimed 1n claim 1,

wherein the surface member 1s adhered and fixed to the

detection element.

3. The gas sensor as claimed in claim 1, comprising a
reflecting section for reflecting the wvibration wave {for
detection, which is transmitted from one detection element
in the flow path direction, to a direction of the detection
element,

said detecting means detecting characteristics of the gas
based on the vibration wave for detection reflected by
the reflecting section and received by said one detection
clement.

4. The gas sensor as claimed in claim 1, comprising a
reflecting section for reflecting the wvibration wave {for
detection, which is transmitted from one detection element
in the flow path direction, to a direction of the detection
element,
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said detecting means detecting characteristics of the gas

based on the vibration wave for detection reflected by

the reflecting section and received by said one detection
clement.

5. A gas sensor including a detection element provided

facing a predetermined flow path of a gas and receiving a

predetermined signal causing the detection element to

vibrate, and detecting means for transmitting a vibration
wave having energy generated by vibration of the detection
clement 1n the flow path direction to detect characteristics of
the gas, the gas sensor comprising:

a housing for housing the detection element 1n a form
capable of transmitting the vibration wave for detection
in the tlow path direction;

an attenuation member, provided in the housing, for
attenuating the energy of a vibration wave emitted 1n a
direction different from the transmitting direction and
colliding with the attenuation member; and

a lilled layer formed by introducing a filler into the
housing, said filled layer embedding at least the detec-
tion element and part of said attenuation member,

wherein the attenuation member 1s an intervening member
provided 1n a position surrounding the detection ele-
ment between the housing and the detection element,
and the intervening member comprises plural media
having different densities.

6. The gas sensor as claimed 1n claim 5,

wherein the interveming member surrounds the entire
periphery of the detection element.
7. The gas sensor as claimed 1n claim 5,

wherein the intervening member comprises a porous
body.
8. The gas sensor as claimed 1n claim 5,

wherein the mtervening member 1s arranged 1n a position
adjacent to the detection element.
9. The gas sensor as claimed 1n claim 5,

wherein the intervening member comprises a medium
having a density larger than that of the filler on the
detection element side.

10. The gas sensor as claimed 1n claim 9,

wherein a medium of the intervening member on the
housing side comprises a synthetic resin and a medium
on the detection element side comprises a metal.

11. The gas sensor as claimed in claim 10,

wherein the metal serving as a medium on the detection
clement side i1s not adhered to the filled layer.

12. The gas sensor as claimed 1n claim 11, comprising a

f1lm which 1s mounted on an opeming portion of the housing
and which partitions the housing and the flow path,

wherein a matching member, which 1s mounted on the
film and transmuits vibration of the detection element to
the tlow path via the film, and the detection element,
which 1s mounted on a surface on the opposite side of
a mounting surface of the matching member to the film,
are housed 1n the housing, and the intervening member
1s provided in a position surrounding the detection
clement and the matching member from the housing to
the matching member and the detection element, and
the mntervening member has a predetermined number of
holes oflset to a side opposite the tlow path side of the
intervening member.

13. A gas sensor mcluding a detection element provided
facing a predetermined flow path of a gas and receiving a
predetermined signal causing the detection element to
vibrate, and detecting means for transmitting a vibration
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wave having energy generated by vibration of the detection
clement 1n the flow path direction to detect characteristics of
the gas, the gas sensor comprising:

a housing for housing the detection element 1n a form
capable of transmitting the vibration wave for detection
in the flow path direction;

an attenuation member, provided in the housing, for
attenuating the energy of a vibration wave emitted 1n a
direction different from the transmitting direction and
colliding with the attenuation member; and

a filled layer formed by introducing a filler into the
housing, said filled layer embedding at least the detec-
tion element and part of said attenuation member,

wherein the attenuation member 1s an imntervening member
provided 1n a position surrounding the detection ele-

ment between the housing and the detection element,
and the intervening member has a predetermined num-

ber of holes.
14. The gas sensor as claimed 1n claim 13,

wherein the intervening member surrounds the entire

periphery of the detection element.
15. The gas sensor as claimed 1n claim 13,

wherein the intervening member comprises a porous
body.

16. The gas sensor as claimed 1n claim 13,

wherein the intervening member 1s arranged 1n a position
adjacent to the detection element.
17. A gas sensor including a detection element provided

facing a predetermined flow path of a gas and receiving a
predetermined signal causing the detection element to
vibrate, and detecting means for transmitting a vibration
wave having energy generated by vibration of the detection
clement 1n the tflow path direction to detect characteristics of
the gas, the gas sensor comprising:

a housing for housing the detection element in a form
capable of transmitting the vibration wave for detection

in the tlow path direction;

an attenuation member, provided in the housing, for
attenuating the energy of a vibration wave emitted 1n a
direction different from the transmitting direction and
colliding with the attenuation member; and

a filled layer formed by introducing a filler into the
housing, said filled layer embedding at least the detec-
tion element and part of said attenuation member,

wherein the attenuation member 1s an intervening member
provided 1n a position surrounding the detection ele-
ment between the housing and the detection element,

the intervening member 1s arranged 1n a position adjacent
to the detection element, and

the gas sensor comprises a film which 1s mounted on an
opening portion of the housing and which partitions the
housing and the tlow path,

wherein a matching member, which 1s mounted on the
{1lm and transmits vibration of the detection element to
the tflow path via the film, and the detection element,
which 1s mounted on a surface on the opposite side of
a mounting surface of the matching member to the film,
are housed in the housing, and the intervening member
1s provided 1n a position surrounding the detection
clement and the matching member between the housing,
and the matching member and the detection element.

18. The gas sensor as claimed 1n claim 17,

wherein the intervening member surrounds the entire
periphery of the detection element.
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19. The gas sensor as claimed 1n claim 17,
wherein the intervening member comprises a porous

body.
20. The gas sensor as claimed 1n claim 17,

wherein the intervening member comprises plural media
having different densities.

21. A gas sensor including a detection element provided
facing a predetermined flow path of a gas and receiving a
predetermined signal causing the detection element to
vibrate, and detecting means for transmitting a vibration
wave having energy generated by vibration of the detection
clement 1n the flow path direction to detect characteristics of
the gas, the gas sensor comprising:

a housing for housing the detection element 1n a form
capable of transmitting the vibration wave for detection
in the flow path direction;

an attenuation member, provided in the housing, for
attenuating the energy of a vibration wave emitted 1n a
direction different from the transmitting direction and
colliding with the attenuation member; and

a lilled layer formed by introducing a filler mto the
housing, said filled layer embedding at least the detec-
tion element and part of said attenuation member,

wherein the attenuation member 1s an intervenming member
provided 1n a position surrounding the detection ele-
ment between the housing and the detection element,
said gas sensor further comprising:

an additional attenuation member, which 1s a surface
member provided on the surface of the detection ele-

ment opposite the surface of the filled layer.
22. The gas sensor as claimed in claim 21,

wherein the intervening member surrounds the entire

periphery of the detection element.
23. The gas sensor as claimed in claim 21,

wherein the intervening member comprises a porous
body.
24. The gas sensor as claimed in claim 21,

wherein the interveming member 1s arranged 1n a position
adjacent to the detection element.
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25. A gas sensor including a detection element provided
facing a predetermined flow path of a gas and receiving a
predetermined signal causing the detection element to
vibrate, and detecting means for transmitting a vibration
wave having energy generated by vibration of the detection
clement 1n the flow path direction to detect characteristics of
the gas, the gas sensor comprising:

a housing for housing the detection element in a form
capable of transmitting the vibration wave for detection
in the tlow path direction;

a reflecting section for retlecting the vibration wave for
detection, which 1s transmitted from one detection
clement 1n the flow path direction, to a direction of the
detection element;

an attenuation member, provided in the housing, for
attenuating the energy of a vibration wave emitted 1n a
direction different from the transmitting direction and
colliding with the attenuation member; and

a filled layer formed by introducing a filler into the
housing, said filled layer embedding at least the detec-
tion element and part of said attenuation member,

wherein the attenuation member 1s an intervening member
provided 1n a position surrounding the detection ele-
ment between the housing and the detection element,
and

said detecting means detecting characteristics of the gas
based on the vibration wave for detection reflected by
the reflecting section and received by said one detection

clement.
26. The gas sensor as claimed in claim 25,
wherein the intervening member surrounds the entire

periphery of the detection element.
277. The gas sensor as claimed in claim 25,

wherein the intervening member comprises a porous
body.

28. The gas sensor as claimed in claim 25,

wherein the intervening member 1s arranged 1n a position
adjacent to the detection element.
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